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IMPROVED CEREBRAL ELECTROSTIMCTIATION DEVICE 

DESCRIPTION 

TECHNICAL DOMAIN AND PRIOR ART 

The invention relates to the domain of 
5 cerebral electrostimulation. 

It proposes an improved cerebral 
electrostimulation device that can for example be used 
for the treatment or study of cerebral pathologies such 
as epilepsy or Parkinson's disease - 

10 A cerebral electrostimulation method used 

in prior art to electrically stimulate a target region 
of a patient's brain, consists firstly of precisely 
locating the target region to be stimulated in the 
brain using one or more measurement electrodes in 

15 contact with the brain. The measurement electrodes are 
introduced inside guides passing through openings made 
in the patient's skull and put into contact with the 
brain. They are then used to make an electrical 
reading of the patient's cerebral activity, for example 

20 when the patient moves. 

Electrodes are tested in turn so as to 
determine the measurement electrode closest to the 
target region to be stimulated, based on the electrical 
reading of the patient *s cerebral activity. 

25 This phase to locate the target region to 

be stimulated is usually long and can take several 
hours in the operating theatre. 
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The entire operation lasts for about 6 to 

10 hours. 

Once the measurement electrode closest to 
the target region has been determined^ all measurement 
5 electrodes are withdrawn from the guides and a 
stimulation electrode is then placed in the guide that 
contained said measurement electrode closest to the 
target region that had been located. 

The stimulation electrode may for example 

10 comprise four active areas at a spacing from each 
other. It is connected through a connector to a 
stimulator with 4 channels^ each of which can send 
electrical pulses. Each stimulator channel is connected 
to an active area of the electrode. Thus, an 

15 electrical pulse is sent on an active electrode area by 
energising the corresponding stimulator channel. 

For example, if it is required to change 
the target region to be stimulated, or if the 
stimulation electrode moves and it no longer stimulates 

20 the target region and instead it stimulates another 
region of the brain, the method described above is 
usually applied entirely in the operating theatre, 
starting from detection of the target region and 
continuing until ±mplantation of the stimulation 

25 electrode. 

Therefore, the problem arises of finding a 
new device capable of minimising the time spent in the 
operating theatre. 
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PRESENTATION OF THE INVENTION 

This invention relates to * a cerebral 
electrostimulation device containing switching means 
comprising at least one input and several outputs each 
5 connected to at least one biocompatible electrode or at 
least one active area of a biocompatible electrode, the 
commutation device being used to selectively connect at 
least one input to one or more outputs. 

A biocompatible electrode means an 
10 electrode made of a material that can be present in 
brain tissues. 

The connector is msed to vary the cerebral 
stimulation area after the electrode or electrodes has 
(have) been implanted without: it being necessary to 
15 keep the patient in the operating theatre. 

For example, the switching means may 
comprise switches; they may^ also comprise several 
inputs connected to one or several channels of a 
stimulator or stimulating means . 
20 A cerebral electrostimulation device 

according to the invention may also comprise 
stimulating means or at least one stimulator, 
comprising one or several channels connected to one or 
several inputs of the commxatation device, so that 
25 electrical pulses can be sent to a patient's brain. 

According to anotlner variant, the cerebral 
electrostimulation device according to the invention 
may include a device or measiarement means with one or 
several channels connected to one or several inputs of 
30 the commutation device. 
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It is then possible to make cerebral 
activity measurements. 

For example, the electrostimulation device 
according to the invention can be used to connect one 
5 channel of a stimulator emitting stimulation signals to 
one or several active electrode areas, or to one or 
several active areas on different electrodes, or to all 
active areas of electrodes in the device. 

Thus, with a single channel of a stimulator 
10 or a measurement device, and one or several electrodes, 
the range and position of areas to be stimulated or 
measured can be varied using the electrodes. 

The device according to the invention can 
also be used to change from a measurement phase, for 
15 example for measuring a cerebral activity, to a phase 
to stimulate a region of a brain, if the commutation 
device is connected to a. combination of measurement 
electrodes and stimulation electrodes, or if it is 
connected to hybrid electirodes so that a measurement 
20 and a stimulation can be made. 

According to one variant, the commutation 
device may be implanted subcutaneously . The electrodes 
are generally implanted in a patient's skull, and the 
commutation device can then be placed close to the 
25 electrodes. 

According to one particular characteristic, 
the switching means may be semi-conductor switches and 
/ or electromechanical bistable switches included in a 
micro electromechanical sy^stem (MEMS) . 
30 Electromechanical switches or micro- 

electromechanical switches enable the commutation 
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device to consume less energy, particularly compared 
with conventional switches. Electromechanical bistable 
switches or micro-electromechanical bistable switches, 
for example made in a MEMS^ consume very little energy 
5 when they are in a given state, ("open" or "closed") . 
The greatest energy consumption is necessary for a 
state change. If the device according to the invention 
is used in an application in which the switches do not 
change state very often, electromechanical bistable 

10 switches can be used to malce a commutation device with 
very low consumption. 

Switches can also be arranged in a matrix form. 
This type of switch matrix can be used to connect each 
input of the commutation device with any of its 

15 outputs, or with several of its outputs. 

The cerebral electrostimulation device 
according to the invention may include a control device 
external to the commutation device capable of 
controlling or programming the commutation device, or a 

20 circuit included in this device, by radio and / or 
electrical signals . 

The control device, for example using radio 
frequency or electrical configuration signals, may then 
be used to activate opening or closing of each switch 

25 in the commutation device. 

The control device may include at least one 
first remote transmission module, for example provided 
with one or several antennas capable of sending radio 
configuration signals in order to control or program 

30 the commutation device. 
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According to one variant^ the control 
device may also be used to send radio-frequency power 
supply signals to at least partly supply power to the 
commutation device. The control device is then used to 
5 send these radio power supply signals through said 
transmission module or a second, remote transmission 
module . 

The commutation device may also comprise 
one or several antennas, for example to pick up power. 
10 supply signals or radio frequency configuration signals 
from said remote transmission module of the control 
device . 

Programming means, for example a computer 
provided with a programming interrface, may be provided 
15 to program the control device. 

The cerebral electrostimulation device may 
also comprise power supply means for supplying power to 
the commutation device. These power supply means may 
include a power supply integrated in the commutation 
20 device and / or a power supply integrated into the 
stimulator. 

The power supply means may also comprise a 
remote power supply device, in other words a device 
with an energy source external to the commutation 

25 device, capable of supplying enerrgy to the commutation 
device for example in the form of radio waves. The 
remote power supply device may also include energy 
collection means integrated into t:he commutation device 
capable of picking up said energy • 

30 According to one variant of the device 

according to the invention, the commutation device is 
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subcutaneous and can also be used to selectively 
connect each of its inputs to a single output. 

A treatment process for a disease such as 
Parkinson's disease or epilepsy may advantageously be 
5 made using a device according to the invention; 
electrodes and a commutation device like that described 
above are implanted in a patient's brain^ and a 
stimulator sends pulses that are transmitted to the 
electrodes selected by the commutation device. 

10 The configuration of the commutation device 

may easily be programmed or modified without the need 
for a surgical operation. 

This type of operation is only carried out 
during implantation of the electrodes and the 

15 commutation device in the patient's brain, while the 
test phases to determine the electrodes or areas to be 
activated, or to correctly program the commutation 
device, are done after the operation outside the 
operating theatre. Therefore, this process is much more 

20 economic than known techniques that require the 
operating theatre to be immobilised both during the 
test phases and the implantation phases of the 
stimulation electrodes . 

Therefore, the invention enables 

25 implantation of electrostimulation electrodes before 
precise localisation of areas to be activated in the 
brain . 
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BRIEF DESCRIPTION OF THE FIGURES 

This invention will be better understood 
after reading the description of example embodiments 
given purely for information purpose s and which are in 
5 no way limitative, with reference to the appended 
figures, wherein: 

- figures 1-7 represent different variants 
of electrostimulation devices according to the 
invention, 

10 - figures 8A and 8B illmstrate examples of 

therapeutic methods using the electrostimulation device 
according to the invention, 

~ figure 8C represents a variant of the 
electrostimulation device according to the invention. 

15 Identical, similar or ec^uivalent parts in 

the different figures are not necessarily shown with 
the same references, to maJce the figures more easily 
comparable . 

The different parts shown on the figures 
20 are not necessarily all shown at the same scale, to 
make the figures more easily understandable. 

DETAILED PRESENTATION OF PARTICUIAR Ea>4BODIMENTS 

One example of an electrostimulation device 
according to this invention and comparising at least one 
25 commutation device 300, will now be described with 
reference to figure 1, with the environment consisting 
of a stimulator 100 and a control de\rice 400, 

A stimulator 100 comprises 4 channels vl, 
v4, from which it can send one or several 
30 stimulation signals St, preferably continuously, in the 
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form of electrical pulses on one or more of its 4 
channels vl^ v..., v4 . 

The amplitude of the electrical pulses may 
be a few Volts, for example between 1 and 10 volts. 
5 The frequency of the pulses is preferably between 1 Hz 
and 10 Hz, or between 10 and 20 kHz. The pulses may be 
sent at a frequency, for example, of the order of a 
hundred hertz, for example between 100 Hz and 150 Hz. 
For example, the pulse width may vary between 60 ps and 
10 120 ps. 

These electrical pulses will be sent to 
electrodes 200 implanted in the patient's brain. The 
stimulator 100 may or may not be implanted 
subcutaneously - It comprises a power supply denoted 

15 101, for example a battery. 

The number of stimulator channels included 
in the device according to the invention is not limited 
to 4, it may be more than or less than 4. Furthermore, 
the stimulator can send electrical pulses on only one 

20 of its channels, or on several of its channels, or on 
all its channels. For example ^ it sends electrical 
pulses with different amplitudes and / or different 
frequencies and / or different widths on each of its 
channels vl, v4 . 

25 The electrodes 200 (there are 5 shown in 

figure *1) are to be implanted ±n the patient's skull 
close to a target region to be stimulated, for example 
a region close to the subthalamic nucleus of the 
patient , 

30 There may be several types of electrodes 

200. There may be stimulation electrodes, capable of 
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applying electrical pulses for example to stimulate the 
target region of the patient's brain. There may also be 
hybrid electrodes capable of applying electrical 
pulses, and also capable of making electrical 
5 measurements corresponding to a cerebral activity. 
Finally some electrodes 200 may be measurement 
electrodes, dedicated solely to cerebral activity 
measurements . 

The example device illustrated in figure 1 

10 may comprise stimulation electrodes only, or hybrid 
electrodes only, or a combination of electrodes with at 
least one stimulation electrode and / or at least one 
hybrid electrode, and possibly one or several 
measurement electrodes . 

15 In the example device illustrated in figure 

1, each electrode is in the form of a tube 201 
extending along a z axis. The tube 201 surrounds 4 
rods each at a spacing from the others - These rods are 
each made from a conducting material such as a noble 

20 metal or a non-oxidisable metal, preferably a 
biocompatible metal, so that the electrodes will be 
tolerated by the organism in which they will be 
implanted. The 4 rods terminate in 4 end piece each 
arriving at different levels along the tube 201, along 

25 the z axis . Each end pieces terminates at openings 
along the tube. Each forms an active area 202. The 
active areas 202 are areas in which electrical pulses 
are applied and may come into contact with a patient's 
brain. There were 5 electrodes in the example device 

30 illustrated in figure 1, the device comprises a total 
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of 20 active areas 202 that may carry electrical 
signals . 

In the same way as the rods, the electrode 
tube is preferably made from a biocompatible material 
5 or it comprises a biocompatible materi&l/ for example 
such as silicone. 

The number of active areas per electrode is 
not limited to 4, the electrodes included in the device 
according to the invention may have one or several 
10 active areas- Nor is the number of electrodes included 
in the device according to the invention limited to 5. 
The device according to the invention may comprise more 
or less than 5 electrodes. 

The stimulator 100 and the electrodes 20 0 
15 are connected together through a commutation device 
300. 

This commutation device may or may not be 
implanted subcutaneously . 

If it is designed to be implanted 

20 subcutaneously, it will preferably be embedded in a 
biocompatible material such as silicone. The 
commutation device 300 will preferably loe implanted in 
a region close to the target region to be stimulated in 
a patient' St brain. 

25 The commutation device 300 comprises 

connectors 310, some of which are output connectors 
310b and dedicated to the connection of electrodes 200. 
Others are input connectors 310a and aire used for the 
input of links, some of which, denoted 102, are vectors 

30 of stimulation signals or electrical pulses from the 4 
channels vl, v4 of the stimulator 100, the reference 
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103 designating a power supply cafc>le connected to a 
stimulator power supply 101. 

The commutation device 3 00 is powered by 
power supply means internal to it or- through the power 
5 supply 101 of the stimulator 100. 

The commutation device 30 0 illustrated in 
figure 1 comprises 4 inputs denoted el^ e4, each 

connected to a channel of the stimulator 100. The 
commutation device 300 comprises 20 outputs denoted sl^ 

10 ... s20,- each connected to one of the 20 active areas 202 
of the electrodes 200^ and it is used to select one or 
several of its inputs and to connect each of the 
selected inputs to one or several outputs that are also 
selected. Thus, the commutation device can be used to 

15 carry electrical pulses from one of its inputs to one 
or several outputs, or even to all of its outputs, in 
other words to one or several active electrode areas, 
or to all active electrode areas. 

The commutation device 3 00 may comprise an 

20 electronic or electromechanical switching circuit 330, 
that directs stimulation signals originating from at 
least one input of the device 300, to one or several 
outputs of this same device 300. It is provided with 
means performing the function of switches (not shown in 

25 figure 1) which, depending on their state (open or 
closed), control routing between the inputs el, e4 
and the outputs si, s20. Thus, the switching means 

may be arranged in a matrix form as in the example 
device illustrated in figure 4 described below. 

30 The switches may be semi-conductor or 

electronic switches or electromechanical bistable 
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switches. In the latter case, opening or closing is 
triggered mechanically, the mechanical actioa usually 
being triggered by an electrical excitation or by a 
surface acoustic wave or by a large and preferably very 
5 local temperature increase, which are ttiemselves 
triggered by an electrical signal . 

Thus, . the switching circuit 330 may 
comprise a MEMS (micro-electromechanical system) 
provided with switches performing an electromechanical 
10 bistable switches function and usually only recquiring a 
very small amount of energy to remain in a stable state 
(open or closed) . Consumption of the commutation device 
is then very low when the switches remain in a stable 
state, which is very attractive in the case of a 
15 subcutaneous implantation. 

The state change of each switch in the 
switching circuit 330 may be triggered by a control 
circuit 340 included in the commutation device 300. 

If the switching circuit 330 is electronic, 
20 the control circuit keeps the switches in the ''open" or 
"closed" state, and can also trigger a state cb.ange. 

If the switching circuit 330 coiaprises a 
. MEMS or if the switches are micro-electromochanical 
. bistable switches, the control circuit 340 can send one 
25 or several electrical signals to the switching- circuit 
: 330 that the switching circuit 330 can conv^ert, for*' 
example, to a mechanical action to open or close one or 
more switches . 

The control circuit 340 itself can be 
30 programmed or controlled by a control device 40 0 
external to the patient . 
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This control device 40 0 can transmit a 
configuration program or order to tlie commutation 
device 330 in the form of electrical or rradio frequency 
configuration signals Sc to control it or program it^ 
5 for example to inform it that it should change the 
state of one or several or all of its switches by- 
opening or closing them. 

The commutation device 300 can contain the 
configuration program or order in the form of 
10 configuration signals Sc by signal receptor means 350. 

The device illustrated in figure 1 also 
comprises programming means 500;. for example a computer 
provided with a programming interface, capable of 
generating the configuration program or order, and 
15 transferring it to the control device 40 0, which may be 
a peripheral of the programming means . 

The transfer operation to the control 
device is usually done under the control of the doctor; 
this is the operation by which he w±ll control or 
20 program the commutation device. 

According to one variant not shown, the 
control device 400 may be connected to the commutation 
device through one or several cables, so that the 
configuration program or order can transit in the form 
25 of electrical configuration signals Sc . The signal 
reception means 350 of the commutation device 30 0 then 
comprise connectors to attach the cables to the 
commutation device 300, 

Figure 2 illustrates a variant of the 
30 device according to the invention that is different 
from the device shown in figure 1, in tlnat the control 
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device 400 is capable of transmitting a configuration 
program or order in the form of radio frequency 
configuration signals So, through a wireless link: . The 
control device 400 comprises a remote transmission 
5 module 410 provided with an antenna 411 capaiole of 
sending configuration signals Sc in the form of radio 
frequency signals. The signal reception means 350 at 
the commutation device end are provided with another 
antenna 351 capable of picking up the radio 

10 configuration signals Sc. 

Figure 2 is also different from figure 1 in 
that the power supply means comprise a power supply 321 
integrated into the commutation device 30O. This 
integrated power supply 321 is capable of at least 

15 partially supplying power to the commutation device 
300. It can supply power to the commutation device 30 0 
alone, or it can operate in cooperation with other 
power supplies such as power supply 101 of the 
stimulator (figure 1) and / or a remote power supply 

20 device. 

Figure 3 illustrates another example device 
according to the invention that is different from that 
shown in figure 2 in that the power supply means 
comprise a remote power supply device. The commutation 

25 device 300 illustrated in figure 3 comprises energy 
collection means 32 6 capable of picking up energy 
supplied by a radio wave originating from an energy 
source external to the commutation device 30O . For 
example, the energy source may originate from the 

30 control device 400 and more particularly from the 
remote transmission module 411 integrated into the 
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control device 400^ also capable of sending radio 
frequency configuration signals Sc. 

The energy collection means 32 6 may include 
the antenna 351 that is also capable of receiving- radio 
5 frequency configuration signals Sc. 

Thus, the control device 400 may also be 
used to send radio frequency power supply signals Sa to 
at least partially supply power to the commiatation 
device 300. The energy collection means 326 are capable 
10 of receiving these radio frequency power supply signals 
Sa and for example transferring them into a power 
supply voltage. 

All energy collection means 32 6 and the 
external source form a set of remote power supply means 
15 capable of at least partially supplying power to the 
commutation device 300. 

The external energy source is not 
necessarily included in the control device 40 0. For 
example, it may be included in the stimulator or it may 
20 be independent. 

Figure 4 illustrates an example of an 
electrostimulation device according to the invention 
including firstly the commutation device 300 . This 
commutation device is provided with a switching circuit 
25 330 with 4 inputs el, e4 and 20 outputs si, s20. 

The inputs el, e4 are connected to channels vl, 

v4 of a stimulator 100 transmitting an electrical 
stimulation signal St on the channel vl . The outputs 
si, s20 are connected to the corresponding active 

30 areas (202a, 202b, 202t) of several electrodes. 
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The switching circuit 330 consists of a 
matrix 331 of 80 switches (iel^sl, ie2,sl^ ie3,sl^ 
ie4,sl, iel,s20, ie2,s20, ie3,s20^ ie4,s20). Each 

switch may be open or closed. A control ciorcuit 34 0 
5 connected to the switching circuit 330 can send 
activation signals to the switches to open or close the 
switches . 

In figure 4, the switch iel,sl is closed^ 
and it can thus be used to connect the input el with 

10 the output si. The switch iel, s20 is also closed and 
connects the input el to the output s20. Thus,^ the 
switching matrix can route stimulation signals St from 
the channel vl of the stimulator connected to -the input 
el to two active areas 202a and 202t connected to the 

15 outputs si and s20 of the commutation device 300 
respectively . 

The switching circuit 330 may be a. MEMS or 
an electronic circuit. The control circuit 34 0 may be 
controlled from an external control device (not shown) 

20 using a program or configuration signals informing it 
which switches in the matrix it should open or close. 

Figure 5 illustrates another example of a 
device according to the invention in which the 
commutation device comprises 4 outputs si, ...^ s4 

25 connected to 4 corresponding active areas (202a;^ 202b;r 
202c, 202d) of an electrode 202. The switching circuit 
330 comprises 4 switches il, i2, 13, 14, each switch 
being capable of connecting or not connecting each 
input el, e4 of the commutation device with a single 

30 output among the outputs si, s..., s4 . The commutation 
device 300 will be implanted subcutaneously and is 
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connected to the stimulator that sends the electrical 
stimulation signal St on its 4 channels vl, v2, v3, v4^ 
to the corresponding inputs el^ e...^ e4 of the 
commutation device 300. In figure 5, only switchi il 
5 located between the input el and the output si is 
closed. It thus connects the channel vl of the 
stimulator 100 to the active area 202a of the elect^rode 
202. As in the device illustrated in figure 4 and 
described above, the state of each switch can be 
10 modified by the control circuit 340, itself controiled 
by a control device external to the commutation device 
300. 

Figure 6 illustrates an example of an 
electrostimulation device according to the inveniziion 

15 including firstly an interconnection device 333 with 4 
inputs el, e4 and 20 outputs si, s20. The in^Duts 

el, e4 are connected to channels vl, v4 

respectively of a stimulator 100, for example including 
a current generator, emitting an electrical stimulation 

20 signal St on the channel vl . The outputs si, s20 
are connected to the corresponding active areas (2 02a, 
202b, 202t) of several electrodes. 

The interconnection device 333 is fo^rmed 
from a interconnections matrix 334 that may or may not 

25 connect each of the inputs to one or several outpiats, 
in a predetermined manner. Thus, the interconnection 
matrix can route stimulation signals St, originating in 
the example illustrated from the stimulator channel vl, 
towards several predetermined outputs. Any other 

30 predetermined and fixed configuration of the matrix 
could be envisaged. 
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This type of interconnection circuit 333 
can be used to connect one or several channels of a 
stimulator to one or several target active areas of 
electrodes without consuming any energy or only 
5 consuming a very small quantity of energy due to the 
fixed nature of the chosen configuration. 

Figure 7 illustrates another example device 
according to the invention. This device comprises 10 
hybrid electrodes each comprising an active area (not 

10 shown) that for example is used to make a record of 
electrical signals identifying a cerebral activity, or 
to apply stimulation signals in the form of electrical 
pulses. The electrodes 200 are connected to the 
corresponding 10 outputs si, slO of a commutation 

15 device 300. This commutation device has two inputs el 
and e2 connected to the corresponding channels vl and 
v2 of a measurement device 600. The switching circuit 
300 is used to connect or disconnect the input el and / 
or the input e2, for example to any one of the outputs 

20 among outputs si, slO, or to several outputs among 

the outputs si, slO. The measurement device 600 can 

be used to process electrical signals, for example 
cerebral activity measurement signals, originating from 
one or several electrodes when these electrodes are 

25 connected by the commutation device 300 to the 
measurement device 600, The measurement device 600 may 
also comprise means of sending stimulation pulses to 
the commutation device 300. 

A control device 400 external to the 

30 commutation device 300 can be used to control or 
program the commutation device 300 through 
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configuration signals Sc, and thus to inform the 
conunutation device about which outputs and inputs it 
should connect. 

The control device itself may be programmed 
5 by programming means 500. 

Figures 8A and 8B illustrate a method using 
an example of an electrostimulation device according to 
the invention. This method may be applied for 

processing some cerebral pathologies that can benefit 
10 from the input of electrostimulation techniques. 

The electrostimulation device may also be 
used to send electrical pulses to a target region 102 0 
of a patient's brain 1002 (figure 8A) . 

Firstly^ preferably during an operation 
15 performed in an operating theatre^ a group of n (for 
example n = 5) stimulation electrodes 20 0 each 
comprising p (for example p = 4) active areas 202, is 
implanted in openings 1005 made in the patient's skull 
1001. 

20 These electrodes 200 are put into contact 

with the brain 1002 of the patient 1000 on a 
predetermined region 1010, for example predetermined by 
a doctor or a surgeon. 

This predetermined region 1010 is evaluated 

25 by the doctor or the surgeon, as including the target 
region 1020 to be stimulated in the brain. 

The electrodes 200 may be implanted in this 
region 1010 without very precisely knowing the position 
of the target region 1020, but for example such that at 

30 least one of the active areas of the electrodes at 
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least partially comes into contact with this target 
region 1020. 

According to the invention, it is not 
compulsory to carry out a test ' phase to position tine 
5 target region 1020 before the implantation as was 
described above according to prior art. Implanting 
electrodes 200 without performing this test phase 
reduces the time spent by the patient in the operating 
theatre. The exact position of the target region can 
10 then be determined after the electrodes 200 have been 
implanted. 

The electrodes are connected to a 
commutation device 300 implanted subcutaneously after 
the electrodes are implanted, in an area close to tine 

15 openings 1005 made in the patient's skull 1001. , 

The commutation device may be in the fojrm 
of a box,, for example with dimensions varying from a 
few cm2 to a few tens of cm^ . 

The box is preferably made from a 

20 biocompatible material or a material surrounded by a 
biocompatible material, for example such as silicone. 
The commutation device 300 is also used to retransmi_t 
electrical stimulation signals .St reaching it through a 
subcutaneous wire 105 originating from a stimulator lOO 

25 (shown in figure 8B) . These signals may k:>e 
retransmitted to any one of the active areas 202 of tine 
group of electrodes 200, or to several of them. 

Next, once the electrodes 200 have been 
implanted, the skull may be closed and the commutation 

30 device 300 is placed subcutaneously. The patient may 
then be evacuated from the operating theatre. 
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The next step is a phase to detect ttie 
target region 1020 to be stimulated. Therefore, unlikie 
with techniques known in the past, this detection phase 
is not necessarily done in the operating theatre. 
5 The resulting saving is measured partly ±n 

terms of cost because the operating theatre is no 
longer exclusively occupied except during the operation 
to implant the electrodes (which is the least time 
consuming operation) , and partly in psychological terms 

10 for the patient himself. 

Each active area or group of active areas 
may be tested in turn, using a commutation device 
contained in the device according to the invention. 
Stimulation signals St may be sent in the form of 

15 electrical pulses to one or several of the current 
active areas among the different active areas 2 02. Thie 
patient's reactions to the stimulation are then 
observed and it is determined whether any of thie 
patient's reactions are symptomatic. 

20 If so, one or several of the current acti^T^e 

areas onto which electrical pulses are sent are ttie 
target active areas denoted 202a and 2 02b in figure 8A. 
These target active areas 202a, 202b correspond to thie 
active areas coming into contact with the target region 

25 1020 to be stimulated. 

For example, the device may be used in th.e 
treatment of pathologies such as epilepsy or 
Parkinson's disease. For the treatment of Parkinson's 
disease, the target region of the brain to iDe 

30 stimulated then generally corresponds to a region of 
the subthalamic nucleus. When this target region of 



wo 2005/039694 
14441.3 ALP 



PCT/EP2004/052446 



23 

the subthalamic nucleus is electrically stimulated, the 
patient's reactions may result in symptomatic reactions 
stopping uncontrolled movements, or sideration 
phenomena typically observed in patients suffering from 
5 Parkinson's disease. 

The' commutation device itself is controlled 
or programmed from outside by a control device 400 
integrating a remote transmission device, as already 
described above. For example, the control device may 

10 comprise a headset or a remote control. 

According to one variant of the therapeutic 
method described above, the commutation device 30 0 like 
one of those described above and illustrated in one of 
Figures 1 to 5, may be replaced after one or several 

15 hours, or possibly one or several days, or one or 
several months, by an interconnection device 333 like 
that described above and illustrated in figure 6. Thus, 
by experimenting with a patient, a doctor or a surgeon 
will be able to precisely determine the target region 

20 1020 of the brain of the patient 1000 that he wants to 
stimulate, using the commutation device 300. If this 
target region is not likely to change, the initial 
commutation device 30 0 can then be replaced by the 
interconnection device 333 with a fixed configuration, 

25 consuming little or no energy, and possibly smaller 
than the commutation device 300 and that, like the 
commutation device 300, can be used to connect at least 
one of the stimulator channels with one or several 
target active areas of electrodes. In this way, the 

30 device comprising the electrodes and the 
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interconnection device may remain implanted in the 
patient's brain, while consuming little or no energy. 

Figure 8B illustrates another example of 
the method using the electrostimulation device 
5 according to the invention. Two groups of n (for 
example n = 5) electrodes 202, each comprising p (for 
example p = 4) active areas (not shown) are implanted 
in the skull of a patient 1000, on each side of ttie 
brain. The 2 groups of electrodes are each connected 

10 to commutation devices denoted 300a^ 300b implanted 
subcutaneously, each being connected through 
subcutaneously implanted cables denoted 110a, 110b, to 
the same stimulator 100. Each cable is placed under ttie 
patient's dermis and comprises several wires (not 

15 shown) . For example, the stimulator sends electrical 
stimulation signals St on some on the wires and power 
supply signals Sa on other wires, to supply power to 
the commutation devices 300. The stimulator is also 
implanted subcutaneously. 

20 A person, for example a doctor or a 

surgeon, uses programming means 500, for example a 
computer with a programming interface and one or 
several peripherals, to choose one or several target 
electrodes among the electrodes, or one or several 

25 active target areas among the electrode active areas, 
to which he would like to send electrical pulses. When 
the choice has been made, the programming means 50 0 
transmit a configuration program or order indicating 
the choice of target electrodes or target active areas 

30 to a control device 400 connected to the programming 
means 500. The control device then sends radio 
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frequency configuration signals So transmitting the 
configuration program or order to the two commutation 
devices SOOa, 300b. The commutation devices 300a, 300b 
then make the selection of target electrodes or target 
5 active areas chosen by the doctor or the surgeon. 

According to one variant of the method 
described above , the stimulator 100 may be replaced by 
a measurement device, for example external to the 
patient. The measurement device then receives 

10 electrical measurement signals sent to it from 
commutation devices 300a and 300b, themselves connected 
to electrodes that can make the measurements. In the 
same way as with the method described above, a doctor 
can use the programming means 500 and the control 

15 device 400 to choose one or several target electrodes 
among the electrodes, or one or several target active 
areas among the active areas of electrodes, with which 
he would like to make local measurements of cerebral 
activities; therefore a device according to the 

20 invention will be implanted in the brain during a 
surgical operation, comprising a step to open the 
skull, tissues surrounding the brain and to implant 
several electrodes . 

If the commutation device is used for a 

25 subcutaneous implantation, it will then be implanted 
with the electrodes during the same operation. 

The surgeon will then immediately close the 
skull, and the patient will then be evacuated from the 
operating theatre. 

30 The measurement or test phases can then be 

performed outside the operating theatre, the 
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commutation device or the switch 300 receiving 
switching instructions from a control device 400. 

This measurement or test step can then be 
used to determine the open or closed configuration of 
5 the various switching means. Once the stimulator 10 0 
has been set up in the switch 300, it can send pulses 
that will be transmitted to the selected areas of the 
various electrodes . 

It is possible to modify the switching 
10 configuration at any time^ using the control device 
400. This modification does not require any surgical 
operation . 

Like the electrodes 200, the switching 
means or device 300 may remain implanted in the 

15 patient's brain for a very long period, up to several 
years, and the stimulator 100 can be implanted under 
the patient's skin, as mentioned above. 

According to one variant of the method 
described above, if the target region to be stimulated 

20 is not likely to change, the initial commutation device 
300 can then be replaced by the interconnection device 
333 illustrated in figure 6 and described above, this 
device having a fixed configuration and only consuming 
a very small amount of energy, or no energy. 

25 Figure 8C illustrates a variant of the 

electrostimulation device and is different from figure 
8A in that the commutation device 300 and the 
electrodes 200 are interconnected through flexible 
cables 399. The electrodes 200 are independent of the 

30 switching module 3 00, and the switching module may be 
detached from the electrodes and for example replaced 
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by the interconnection device 333 illustrated in figure 
6 and described above. 
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CIAIMS 

1. Cerebral electrostimulation device 
containing at least one commutation device (300) 
comprising at least one input and several outputs each 

5 connected to at least one biocompatible electrode (200) 
or at least one active area (202) of a biocompatible 
electrode (200)^ the commutation device (300) being 
used to selectively connect at least one input to one 
or more outputs. 

10 

2. Cerebral electrostimulation cLevice 
according to claim 1, the commutation device (300) also 
containing one or more antennas . 

15 3. Cerebral electrostimulation device 

according to either claim 1 or 2, also containing one 
control device (400) external to the commutation device 
(300) capable of controlling or programming the 
commutation device (300) by radio and / or electrical 

20 signals. 

4, Cerebral electrostimulation device 
according to claim 3^ the control device (400) 
containing remote transmission means. 

25 

5. Cerebral electrostimulation device 
according to claim 3, the control device (400) 
containing remote transmission means to send radio 
frequency signals Sc. 
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6. Cerebral electrostimulation device 
according to one of claims 3 to 5/ also containing 
means (500) capable of programming the control device 
5 (400) • 

?• Cerebral electrostimulation device 
according to one of claims 1 to €, also containing 
power supply means for supplying power to the 
10 commutation device (300) . 

8. Cerebral electrostimulation device 
according to claim 7, the power supply means including 
a power supply (321) integrated i_n the commutation 

15 device (300) . 

9. Cerebral electrostimulation device 
according to either claim 7 or 8,. the power supply 
means comprising a remote power supply device. 

20 

10. Cerebral electrostimulation device 
according to claim 9, in which the xemote transmission 
device comprises at least one energy source (415) 
external to the commutation device (300), capable of 

25 ..supplying energy to the commutation device in the form 
of a radio wave and energy collection means integrated 
into the commutation device (300) capable of picking up 
said energy, the energy source (415) being integrated 
into the control device (200) . 



30 
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11. Cerebral electrostimulation device 
according to one of claims 1 to 10, the 
electrostimulation device comprising stimulation 
electrodes and / or measurement eiectrodes and / or a 
5 combination of stimulation electrodes and measurement 
electrodes. 



12. Cerebral electrostimulation device 
according to one of claims 1 to 11, also comprising at 
10 least one stimulator (100) and / or one measurement 
device (600) . 



13. Cerebral 
according to claim 12, 
stimulator (100) provided 
supply (101) . 



electrostimulation device 
comprising at least one 
with an integrated power 



14. Cerebral electrostimulation device 
according to either claim 12 or 13, the stimulator 
20 (100) comprising one or more channels connected to one 
or more inputs of the commutation device (300) . 



15. Cerebral electrostimulation device 
according to one of claims 12 to 14, comprising at 
25 least one measurement device (60 O) with one or more 
channels connected to one or more inputs of the 
commutation device (300) . 



30 



16. Cerebral electrostimulation device 
comprising at least one interconnection device (333) 
including at least one input, and several outputs each 
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connected to at least one biocompatible electrode (200) 
or at least one active area (202) of a biocompatible 
electrode (200);. the interconnection device (333) used 
to connect each of one or more predetermined inputs to 
5 one or more predetermined outputs. 

17. Cerebral electrostimulation device 
according to claim 16, also comprising at least one 
stimulator (100) . 

10 

18. Cerebral electrostimulation device 
according to claim 17, the stimulator (100) being 
provided with an integrated power supply (101) . 

15 19- Cerebral electrostimulation device 

according to one of claims 1 to 18, in which the 
commutation device (300) or the interconnection device 
(333) comprises several inputs, the commutation device 
(300) being used to connect each input to one or more 

20 outputs. 

20. Cerebral electrostimulation device 
according to one of claims 1 to 19, the commutation 
device (300) or interconnection device (333) being 

25 biocompatible. 

21. Cerebral electrostimulation device 
according to one of claims 1 to 20, the commutation 
device (300) or interconnection device (333) comprising 

30 switching means. 
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22, Cerebral electrostimulation device 
according to claim 21, the switching means comprising 
semi-conductor switches and / or electromechanical 
bistable switches included in a micro electromechanical 
5 system (MEMS) . 

23* Cerebral electrostimulation device 
according to either claim 21 or 22, in which the 
switching means are arranged in matrix form. 



10 
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